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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a III group nitride ^ 
semiconductor substrate with low defect density and with reduced 
warpage. 

SOLUTION: A GaN layer 2 is formed on a sapphire C plane ((0001) 

plane) substrate 1, and then a titanium film 3 is formed on the GaN . , ...^^ 

layer 2. Then, the substrate is heat-treated in an atmosphere M 
containing hydrogen gas or hydrogen containing compound gas to 
form a gap in the GaN layer 2. Thereafter, a GaN layer 4 is formed ^ 
on the GaN layer 2. 
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(54) [fiMo^siro I I im^<tm^mi^mwisjin^(Dmm.y3m 



(57) 

-y-^r-f 7CiS ( (0 0 0 i) ®) S« 

i±tc:GaNB2^mt:t». ^(D±.\z^^ymz^ 

^trl^H^^'Ta^Srf^mabTG a NIB 2 4^1^1511^* 
-5. 



(a> 



Cb) 
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.2 



# 

1 

^-(Di I mmm^mi^m<D±mzm=.m i m^im 

;6^e,^t^T*»ffi±fc^«M^J^fiK-rsxSi:. ttlHT 
ff-e!lft«!iabTWIS^JBJKo«®S^{t-rsxSi:, * 

Timm^Wimm\^xM'm—<^\ 1 1 

tf{C^R^^£}^»3t-r-5Xig<i:. ttrlS^SIK±lC^-OIII 
]S!lS{t«Ji|i»«£li*}^^i)c-rsxSi:. *^tJClt*!|#IS 

taw ^.nfcTtt!S«$fcfi^— «?i I 

A^6.^!:ST«!a«±lc^JBm*Jgfi)tTrsxSt. SSSg^f 
T-5t<»:t)tcWE^JBM©a®SS{tr'5XSt. WIE 

^«M±t'^-©i I i«iS{t#i#^#Ji*m-r-5xs 
mmme] si*s2 7]»M5Vi-rn*McfE«©iiiss 



2) «fll2 0 0 3- 1 7 8 9 8 4 

2 

t»*^7] l»*3S2 73;S6Vi-rn*^{CiH«OIII]B| 

A:7->i7A, A-^->''^7A, ^'^-^Jk i7P— 

^L,. 7ir^s.^A. n/WPh, ai^-^A. -f'Ji^'i'A, 

-yirJK /'t55?'>A, V>35f>'. ffl. &^^ftii^^ 

mm^^mi^mw.<o9im:f^m^zis\,^x. mm^mmni. 
im^m 9 ] 2 75S 8 vi-rn*^ tciEis©! i iik 

S<b#j4^J)M|JS«io«iS*ffi»c*5ViT, ^-©11 ISIS 

mt $ nfcitnB^sjKs^x ^ > i^* u TWiBTttia 

20 [f»*JSlO] »*JS17!(S8Vi-m7>^{Cfa«fcCDIII 

mmm^m'Wmu<o^m.-)3m\z^\'^-z. m^^oum 
i»*r -sxssff ^ :i t siRfis tt-«.i I isisftfl^^t* 

1 1 3 1 75M 8 V^-rtl75^ fclB«cOI 1 1 

mmm^mfms.omM-^m\zis\>^'c. f^-mum 

mm—(D 1 1 mmtm^m^m izjt^ij^-haxmnm iztn 
mrm&u^mmr^nm^'^ts ^ t t r 1 1 
30 m^im^mt^mm<Dmm:^m. 

im^m 1 2 ] m^m inmi i ^^^-rn^^izmmm i 
immm^mwmmo^mT&yjmiziii^^x. itriB^-i^i 

TttifaM □ gi5t3 J; uttsm-r 7.i7±\zum^im^mt^ 

m^m 1 3 ] fs^js 1 75S 1 2 t/»-rn*^tcia«©i i 

mmm^mwmmo:>mm.yjmizid\,^x, itriB^-oi 

1 4 ] matm mm 13 ti-rtx*^tcfa«®i i 
j^z^m=.<Di\mmm^^^mA^. caw, Ai ca 

N. I nGaN^fcttl nA 1 GaN-e*-5C<i:<£iNf®l; 

[«*3Si 5] m^mmmi 4\,^-rtiA^iZBd.m(Du 
m^im^mi^&^(Dmm:fsm\zii\,^x. mih^-<di 

50 $.SC:<i:Sr#a<i:t-SIII]5SS<ti^#»#S«©S!iji:^ 
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im^m 1 6 ] mmm ins 15 \,^-rtnt)^iztim<Di i 

•y-7 r < TSffiTfeS t *iRrtSt-r%IIIJ!eSYt«a¥ 

im^m 1 7 ] m^m 1 e tcia«wi i m^itm^^m' 

(00 0 1) (1-1 0 0) ®Ta6 

ft. 10 

en** 1 8 ] 1 75S 1 7 viTti*^»cfa«®i I 

0 "cfiii 1 4 0 0 x:&.T<DU&Tff ^z.ti^m.t-r^ 
1 1 imM<tm^mwmm.<Dmm.:^m, 

m^m 1 9 ) m^m 1 ti/s 1 s i^-rm^izmmmi 

1 mmm^mi^m iz^m^m^r^ ^feoi^ma* 
*ft. 

2 0 ] IS*^ 1 TiS 1 9 v»rn*^fr|3«®l I 
14:^7. U T;«?X<»: bTME^— ©ill 

[tt^^2 1] »*JS2 0 izmmo)ummtm^m 
[i«*«2 2] mu±izf^-'(Dum^im^m^m 

i$-mt0miz, ^mm^fzit^m^im^^^^L. mm 
\m^^m^mwmf¥\z^m'im.nibnii. ^ t 

mim 2 3 ] mim 2 2 tcia^oi i ij^^tit^j*^ 40 
* t -r s 1 1 1 ]K^^t^^»^iiJ»ig. 

-oum^im^n^wm^\z. ^mMt^wmmm-^z 
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(i»^^2 5] m^±.\z^w^^t5^nwmt, ^<D 
±.\z^mm^itn.^w,m^i:.ifiwm^tiT:rs.^-rmM 

«S:l8*^-rs d t J: 0 #&nSI II«^fb<K)¥«#S 

mim 2 6 ] mam. 2 5 tciEmoi i im^im^m- 

[i»^^2 7] W*^ 2 2 75M 2 6 Vi-rn*^ {CIEIJ© 

[0 0 0 1] 
[0 0 0 2] 

^^^5^5®fife^ls] ^fl::«fu'i7i^ (caN) , mc-oi?^ 

Kii^i^h. (InGaN) /Sft;^ U >:> --^A 

(GaAlN) ;^<i:©GaNmft^i^*©*^«» 
>£y'f:t-h* (LED) ^V-^-^^Hr-Y (LD) 

[0 0 0 3] G a N*{t^i^¥»<*:tt, 

*^*I«L<, fi!-pTllffltCiiB;l^GaN©»^g«*;rc#e. 
nxVifjVi. ^ftJl£<Slffl{l:$nTVi^GaNfi£ftffl09 

#tSf^S»taj£Sft (MOVPEj*) ;5:t*-CGaNS:X 
tf iS' 4^ -> ^ Jl/^g ^ -B- tCffl tlT V i ^ « 
[0 0 0 4] •y-7T-fTa«tt, G a N 
Jic-Sfc*, -It^r-fTSSit-ilgEGaNS^SSltfc 

it:? r-f 7aig±IC—a<BtaTA 1 N-^G a N®A* 

s*^*igfo $ -ti-Tdi e. ^-©itc G a N $ -e-s:^}* 

7&t%^$taTVi-5 (fl^MBS 6 3 - 1 8 8 9 8 3 ■^-iij 

dtT. GaN©*iKSxtf^'+->i';i/fi!tS«BltBlc;^^ 
•PI'S:. b*^L, ^«0S«tiiSft©1*^ 

©-rn«*PMi:fcbli<, GaNttillS:©^«:P(B^*LT 

G a N©i&^5£»||lCieHUT%^-rS^|iiS©«KS<a 
M-r^:^te<tbT, ELO (Appl.Phys.Lett. 7 1 (1 
8) 2 6 3 8(1 9 9 7)) ^. F I ELO (Jpan.J.App 
l.Phys. 3 8.L1 8 4 (1 9 9 9)) » ^>^it-X.\f.d>^ 
'y— (MRS Internet J.Ni tride Semicond. Res. 4S 1 , G 
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3.3 8(1 9 9 9)) tVi^^cfi)tSatl5fe«#^tlT*5 
[0 0 0 5] 

mmam^v^^i^-r^mm] elo^fielo^ 
Ac. affiles O30t#fiETSi:. giosv»«ftcsffi*^S!in lo 

lifi««*«e<> A»t3gOOyS:V>GaNXtfi'^->-\'Jl'a 

<, *^-:3SO©;i5:ViG aNA;i'i'affi7jtf#f,n-5;ii:*t 
LVi;5^ :;k:MA';i/i^ G a Ni^ii©f^Mtt#^#lc|ib 

T. HVPEj* (A-f H9-f H^ISfiRfii*) fS.E(D:^m 20 

^©^affi*K^bTGaNO^lt»ffi«:»-2):^ 

TSffi-htCfiJtftbrcG a N$rX<>^>^-C^i-«|-rSS« 

cDiaeTSffiws D *^it:'c b , affidifjnx b * 5 ;i t 

Hffl^ttC^fiJoTViJSVi. Jpn. J.Appl.Phys.Vo 
1. 3 8 (1 9 9 9)Pt. 2, No. SAlCtt. •*)-yr<T&^± 
{CHVPEteTGaN*ff<figS$-&, ■5-<D^fe^'— if— 30 
A^PX^SSWbT. GaN)Ifc*lt&t!li!i$-(t^:^ffi*^$S 

AO-^T^itVi'5^)S7&^*a&^<. IM^b^ViSffiS:ffl^»^ 
:^fti:bT, iRfW 200 0-01290 O^^^tCtt, 
G a A s affi±tC H V P E G a N J¥ < -fr, 
^•O^G a A saffi$X>y5^>i^T'l^*-r^:^ft75^W5^ 

T, :*cS!WGaNaffi*#2>;ii*<T#S*^ GaN«g 
SfigS^'JCG aA sS1S7!i^5J-«?bTbSVi. GaNtfl:: 
As75«^ii9e!feibTJlAbTb^'5i:V^'5»)S75^fe-&, 40 
Xtf^^v-^^ll-fiKSGaNO^RtlilSSSffiaiCtt. iiJi© 
F I ELOCOJ;'^?^:, A^'— X^i^^tlfcVXi'^fflti 
^jSS5fiStftdi*^!)T^ D . #BB¥1 0-3 1 2 9 7 1# 

[0 0 0 6] 




6 

[0 0 0 7] *fg|g{C=J;n«, SW-htcm-OIIIJ^ 
[0 0 0 81 *;t*%l3tcj;nii. ©III 

iMitm^mi^mf}^ 5 ;te«T«LSffi Jijc^jsags j^kSc 

nm^^-r^mmTm.mm^mmmi^'ctiimm-m urn 
<D±m\zm^<Du ii^itm^m^i^m ^m^-r^x.m. 

[0 0 0 9] *fc*56iatcj:n«, S*t±{c^-®III 
I J^^ftti^^^W*^ ;*^TJft»ffi Jitc^SK^?^fiK 

m bTWE^-OI 1 1»6Sft4*^#*t^® +IC3SI««:JBJ« 
•r^lSt. t(ff5^Sl»o±g|5ic^-©iiiJ!S^fl:i^it£ 

[0 0 10] *fe*^9gtc<i;tits. &u±izm—mn 

ife:*fXSr^t^g:HM'fTS^5aabTtt(fH^JSMcD«m^ 
^trUH^'I'TMIST^SffiSrl^aia b TWia^-coi I 
SKJhJC^-OI I I«|^{t!^^|i^#:)l=£?gfiJcr -SIS 

[0 0 11] Sfc2|Ef6Wtcj:n«, &U±\zm-<r)Ui 

TiftSffi^i^ias bT«fria^-cDi i i]^^{t#i^##:» 
fftc^is^^jB^-r ^ tth izma^mmo^mtimtr 
^xmt. tsim±mm±izm-<Dum^im^^i^m 

[0 0 12] ^fz^^mizjztni. mu±izm-(Diu 
m^itiiii^^mii^m*^^tj.^T^i^m±iz, m-<Dum 
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[0 0 13] 2|s:f£MfCJ:n«, «tt±fc^-®IIlS^ 

&m-v 2 0 %£^± 9 0 %j&iTo^i^50^iait e.nfc n t 

[0 0 14] ^/S:2|s:^ggtCcfcn«, mm±\Z^mt:^tS 
[0 0 15] 2|i:f8IS®S!it*«feJC*(/»Tv f»«aa*]66b 

[0 0 16] ^^m\:ii. ^m^^r^m<D±mzum 

[0 0 17] m—iz. ;izmmmi)m<. iesiSKo^^ 

mm^mi^m ^ (r>i?&=f--^^^immmmmzisMt 
[0 0 18] m~\z. n^xv^^Mwms,<r>m.^^wm 30 

1 1 i]S^^ft«)##<*:B t oi^i-'&f^^^mm'm.^ \z 

[0 0 19] ^HtC. S«0|M^*<&^^tCfTa^<!:*^'T- 

ICTtfeSIS t? ^ -5 S . 

[0 0 2 0] 3SReS:^r«>l«)±{CG a Nl^J^fiKT * 

jg^^Bt L-T, #M 2000-277435 ^<2ifBtC, T 
>^1t-7r^^^S'>h<R«c (S iJSeSP) ^nWL\.. Z. 

<r>m.^k.\ztBm^misi,\^ts.ii''^G sii^n^^^w^i^^L^ 

S«0|^**t-@^^t;it5. 50 




8 

[0 0 2 1] \\\m^vcm^mw-m^\z'&^^T^^r^ 
^(DmM. mfpiz^mmf^^n^o ^ioifmzj^ti 

[0 0 2 2] 

^^m'Wm^\z^Wii)mm-&n^z.}L^^m\^tz, 
4£g?^*:*ijga &x fcf 3^ -> -^^ ji/^ss -B- s n« ;i t fca 

[0 0 2 31 ^^>ts.E<D&m.m,-i.. m-(r>nmmt 
{t::^n^fcje)> m\zm\L<Dti^(DiLM^mmi<x%ii 

■r^T.m(r>mmM'mm^\z. ii^mtmmz^m-n7.y.\t. 

TS« - © 1 1 1 mmtm^mwi^ t (D^^&ikm^ 
mzmm^m^mtzmmr^m^^imiv. xf(&mei=&: 

m^\z^m^mmt^(D^mif^t.mmiz. ^(D±\zf& 

[0 0 2 4] ^mm^mm-r^^mit, mmm^x/-^y 
■^nrz^mmit. ^cdsbtj^^st, 75^-paifi«®±B 
fc, 't(D±\z^&:^n^iim^{t<^^m#-m'ii. 
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tt. 7 0 orj^ii 4 0 0"C£tToatfTff5c:t;6«M 
Sfe, 1 40 0'C£4±-t?«*«*®^ft:<f'J':?A«© 

[0 0 2 51 *f6gBC*3lt«III]KSl{t#l¥3»{t:Ofi!tS 

bX, MB Eft (^J-^«axt!5'^->-fe) , HVPEj* 

<. JW)R*#ao*i«M-Ca&-£.fc«6-e*S7ii. MOCV 
#<^*^**TMOCVDftTBKSL, -^©^HVPE 

[0 0 2 61 i^w^\z.i&n^mzL<Dummt9ti^mi^ 

TJ^fig-r-Sdt/O^T^S. ^SISl^/XtiNz . He. N 
e, Ar. Kr. X e\ Rn (D^pts.< t.^ imM^-^ti 

[0 0 2 7] =^^'J7:tfxibT^^;5:i:(Z):^?g'tt:^/X 

:-2>. 

[0 0 2 81 0 1 7 IC. m-(DIIIi^^{t«!|i|£»(*JJ^fiR 
(DmmtUi>XWLUy^>iffl-y (XRD) <D^m 
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'^'©TKmS'J^SJiinbTVK xRD^|i<it*idvjNS< 
^im^mw<Dm^m^s,mz-r^z.tiiiT^^. i^a© 

[0 0 2 91 £t±*^e.. ^■\''JT:^f;^tf07K^s^a*t 

bVi. .*^UT:^^X>^'©7lcmii•^**^#<3SO■r 
»a2pT 7 0 %JJ4T, J;D»*b<tt5 0 %£;I.T-e& 

^\z. ^&^m\z=^^'VT:f3xii\.T^mu^<D^mi& 

[0 0 3 1] 2^5!0JtC*5V^T, CDfcOSffll^i 

iC, ^>ii-*)-^h. AK GaA s^®SaMi^»« 
30 ^, GaN, A1N> A 1 G aN^<Dinmm^m^m 

rztL^\-s. (0 0 0 1) BS7t« 

(1 - 1 0 0) BiT-S^tTjiT?^^. (0 0 0 1) ® 

fc^M**i-r^T, 7^:^a3S/ie.[o 0 0 i]> 5t:^aj^ 
7i?.[i 1 i]$iJi:^iflJtcIHiRj-r-5J;^{cb. ft«^B<){c«« 
B©G a NXt;jS'=*^-> v;i^fiRfiB* CffiJPijSSt-rs 

*tcW*i5) 1 ° lJlrtCD:t>'^l<»:-r'5 ^.hTSWSbVi. 1 

40 ' ^m^^t. ^mm<Dm\^^^^^t)n. mmsizca 

■5. -^j-yr-fT (1-10 0) w&mm-r^m-^^mm 

[0 0 3 2] T^^mizinf^ymmwt. (i)±mLtz 
mi^±izm-<Dum^it¥!)¥^»i*^mi!)mi-f'bnitm 

[0 0 3 3] (i)(DM,i^mti.x\t. -y-^r-rT^os 

50 bTGaN*JS«IKS?gfi!cbfcfc©;0t^tfe,n-5, ^ 
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fc. (ii)<Dmi^mtVX\t, GaNgitSM^A 1 Ga 

SbVi. t-Jfe^D-fe. (i)(DTJfe»1S-C«^— ©Illi^^fb 
/^^|£^^^^Sl^l^::^|g(gf^^J^fiJ^Sn^Ct7)W*b<» (i 

(0 0 3 4] *5!Bqic*5ViT, m~(^um^<m^m' 

#:S«a>!rC9¥^{*:Bi:-rscij5<-C€r**^ GaN, 10 
AlGaN, I nGaN*fcttI nA 1 GaNtf SJl 

[0 0 3 5] *fBMic*3^iT, m~<Dum&<m^m^ 

<tt2 0nmlil±. iMmfiATtr-So ccoi-p ICftl 

[0 0 3 6] *%BJtr:fettS^JSBi«. £AT®^fe#i£St 
[0 0 3 71 (i)T«!!S«®El^tt&eMb. ^JSI8* 

u, T«iS«±-eA:«rffi^T»n«[o 0 0 i]«i^risi, 30 

[0 0 3 8] (ii)^JRJ^fe-5Vil±-?-©^{ti^J»OSS;i5. 
[0 0 3 9] (iii)^«IK*SViH-5-0^^l:ifeiK±lCfiK 

[0 0 4 0] (iv) ^mm&^\^^\i't<Dmtmm±iz^ 
A-t^m-mum^im^^^i^mo^Mmmizidi,^ 

>^-7:tfX^*|g:tf7.^) iSJTv-frT. JilECttiiaiRl 
[0 0 4 1] j»fcTc:t*«a*H/iS#tu 
[0 0 4 2] MTm(Dm—<Dumm<m^mi^m(D^ 

[0 0 4 31 (vi)^J||||||S&«V»tt-€-0^{t#lliS<i:fi)tfir 50 
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[0 0 4 4] (vii)^mm^ft\t^<o^immt. 
mu^im^mi¥mt<Dimm^»Mini+^\zfi^-^ 

[0 0 4 51 ZLtlio<D^f\r'S:mft't±mmt-r^ZLt\Z 

[0 0 4 6] ^JBMSrJ^fKU, 7K^;^^xSfctt7K^#* 
ViSJltlcj;0, Z.<D^^1s.fai'^nm\zi^WL^ri, 35B^ 

[0 0 4 7] ^JBJKcDIi^tt, ifi b<ttl MmJJCT, 
J;»3»^lx<tt3 0 0 nm£AT. S'blf^Kttl 0 0 

^-(Dmm^{tm^m{^m\z{Kmt,m^\.rz<i). na. 

^«l!i®TI8!coViXH!|*tc(6IIS*^3iVi7it. fct^LK 
0. br\m&<±.t-r^o 

[0 0 4 8] ^JSMJ^fiJt^. ^-<DIlI]^^fL!fe^^«J 

M'piz^mmt^-^n^o ziDijmz^tui, 
^^^izmmx^^mm<D^mm^. ^^mzmmms: 

[0 0 4 9] mm^m^it, y^m:^ 7.mrz\i7^m^mit 

\t, ^'f-'pi.zyKm^^tSit'^i^OiJT.'S:^^^^^. TzhTL 

[0 0 5 01 iaaiSBBMibTtt. inm^^tm^iiy^ 
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[0 0 5 1] ^mmm<Drz'i>om9!m\t.. jfSKtt? 

^i)^. GaN*W*4w«^. 1 40 ox:&rf ft ^ct 
[0 0 5 2] ^mf^^^{tr^rz!^<Dmmm^^m<Dm 20 

fi!ti:«S'Jttff'5«^> S{tOfcJe)Ol?ft«!lS«> 5 0 0'C 

[0 0 5 3] m-(r)uim^{tm^m-^mo:>^mmt. 

[0 0 5 4] *5!g^{C*3t/iT, ^-OIII]^^{ti^## 
AlGaN. I nGaNifcttI nA 1 GaNfTSC 

[0 0 5 5] m-(Dummm^^mi^m<Dm-s},t, . i 

I i I]!i^S{ttl^^S#:)iOJ|t$ tt 1 mJJ4± t-r S H t 
[0 0 5 6] *^g«lr*5t.iT, ^-<7)IIl:K^{t!^#^ 
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fi < ff P ^ t d^T € S , 

[0 0 5 7] 2|s:f£?g{c43tiT. ^«fla±»'^-©IIIffie 

<£S5 J; ^ \zmn±m\zuimmtm^mi^tii:c\fi^^ 

[0 0 5 8] 2ti:»§ltC*5l»T, ^^©IIlSeM^bi^^S 

^mmmz±mTm.m^^mmr^y3m. ^ms^^ft\^ 

[0 0 5 91 

[0 0 6 0] ^mm 1 

*IIM^J{cJ;D#?>n^i|i##:aiS(D«fii^£:01 ic. C 

2'f >^cD#Ma-y-:7r-i'Tc® ( (0 0 0 1) ®) a 

«lJitC, MOCVDffiT, TMGtNH, Slg^tL 
T> T>H— :/OGaN«2?£4 0 0 nmfiJcSLfctt^ 
^ffljSUfc (0 2 (a) ) . CCDGaNXi;^'^r'>-v;U 
g^^'>M3S-2 0 nm5Sg«L (02 
(b) ) . zm^MOCVDjtPrttCAtlT, H2 * 2 0 
%iS-&bfcA r ©MStttfT, 1050*0X2 01111110 

mmm^rnvrz (B12 cc) ) . ra*pi*j-t?. 

5"^>M3±f'TMGt7>^XT^JSlpftL-T, 10 
5 0*C-eGaN)l4*2 wmfiESLfc (02 (d) ) . 

tZo 

[0 0 6 1] &.±(Di:oiZVxn<E>ntzG aNJiif:^^ 
T H L TfiKfi U © G a N X tf iJ' 4^ >- ^ J|/S« 

t,^^:Lt^^mvft. T^mmmxm^titz&moyxmm 

mmm^ff-DlttZ.^. GaN(0 0 0 2)®|§|»fOFW 

HM«, mw.mmcoii:it:m^VThm2 0 O s e c. 
tzo ^tz. xm.Mmm^x\t.. mt'^^'x.i i db© 
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[0 0 6 23 *SIJfi«a|T»sn/i:««©^iiD*JS^M* 

*»l3tbiti:^:5, 4X10' mycm" i^mz^j>i3i 

[0 0 6 3] z.o:>m^(r>s.offimm^^^m^Lttt:i 

MfiKSA 7 r ® T G a N * 2 /i mfiRg-r -S t , 

[0 0 6 4] ^:OS«&«IJO, JE-OBfHSrSEMTaSf 

aN«2'7!)iJ^fiX$n. •?-0D±C9^{l:$nfc5^^'>M3 
^r^M/T^FfiScG a NS 4 *t%«$nTtiS«jgtc;/a:o 

e>Mtffib/5:GaN)12'0^^^ttiii*j5 0%Tabofe. 20 

ai±, :i®^BfeS:W-rSGaN)i2'(D^ffilCj;^t)© 

[0 0 6 5] mmm 2 

IIM«llC*3ViT, GaNJ12'>f0^li^*^, *«09f^ 

^cD±{rGaN^4*^SS-r^t?r!rmDffiL 
7 tC^-r. •^■©iteSv ■y-^T'TTiOGaN 30 

[0 0 6 6] Mm 3 

:immm(oiLwsimm^m 2 tc^r. as 2 -y >^o* 

!SSffit}-7T'f 7CB««l±tC. MOCVDffiT. TM 
GiiNHa Sr®<SftLT. T > H — y«G a NH 2 * 2 
0 0 nmf(K*bfca«^mSbit (02 (a) ) . ^(D 
GaNXtf^^->-\';l/S«±(C, 5^5'>|g[3*2 5 nm 

(02 (b) ) , :in*MOCVD*p(*3tCAn 
T, Hj 5r2 0 %?g^bfcA r ©^SittfT. 1 0 5 0*0 40 
X 1 Om i nW^MSi&igbfc^ (0 2 (c) ) , Hffl 
^5!;xSrN2 {cife;tT. MtCl 0 5 O'Cx 3 Om i n© 

Sg3±lc:TMGi:7>^:-T^MiiS|-<i:LT, 1 0 5 0*0 
TGaNH4<£2 i^mfifeSbTt (1112 (d) ) o 
[0 0 6 7] lJt±©J:-5»CLT#e>nfcGaNXt!^':^^ 

7 » £ b TfiKfi b AcfE^CD G a N X tf -> 1- 
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iffai|;£&fTo;/tt .GaN(0 0 0 2)®lHltff®FW 

mm, ^mMP^oiE^^m^v-c^mi s o s e c. 
ii, M*fTi^.-;&«fatt*wbTVi«iit*«aieT^ 

OSfhr-i^fea^SnxiJO, ^«bfc5^^'>JiS3dt^ 

[0 0 6 8] :^mmm-(!m^nftSiR^tiW, -^OIBfffi, 
*SEMT?«SS?bittC:5, llie^l<D«^t|^:^»C, 
01 tC^fi'^Tiv it^r-^TaSilC^fiiSrWTSG 
aN)i2'*«*t), ^•®±<D^<tSn&5"^>IK3Sr^ 
bTVJe;a:G a NS 4*i«|R$nTViS«|jttC/j:-p TV^ 

[0 0 6 9] 0[Hl»r)jgbffofctc:5 

[0 0 7 0] HJgiPJ 4 
*SI]B6^OXS»f®0S0 2JC^r. itS2-f>^©^ 
i^ffi-y-^T-f TCHS«l-htC. MOCVD3*-e. TM 
GtNHa >S:mmtLX. T> K-^cDG a NH 2^ 5 
0 0 nmfi£gbfca«*ffljtb;t (02 (a) ) . ZL<D 
GaNXfc!^':^^i/-fr;PS«±tC, ^^'>M3S3 0nm 

^«b (02 (b) ) . ;in?&MocvDjtpi^{cAn 

T. H2 8 0% + NH3 2 0 %©}g^g;Sfe4'T, 105 
0*CX3 Omi nO^fe^aaSrJSb;^ (02 (c) ) . ^\ 
l^*Frt7!. 5^^'>JK3JttCTMGtT>^:ri7' 
^mntLT. 1 0 5 O-CTG aN@4* 1 wmfigSb 
fz (0 2 (d) ) . 
[0 0 7 1] £AJi©J;'5»rbT»6nfcGaNXtf^'^ 

r e b Tf«:S b ;fcit#o G a N X tf + >-r JU^* 

V^^Cl<i:<£5S^>b^c, ^©««OXi|Sil^^5t*fi^^fc 
td^. GaN(0 0 0 2)®lHlfffOFWHMtt, SIS® 
rt©i*;i<£r3Bil^bTfci^<Jl 8 0 s e c. i:, ^ifT*^— 

[0 0 7 2] *IIJg^JT»?>n;tS«cDS®$m^M:^j 

^jffl^bfcid^, 4X10' <i/cm^ t. #^^IC{J>7S: 
<. iSatt©liSV»GaN*i|gft»«*i»f,nTli-5^i: 

^»^bfc. 

[0 0 7 3] :i©a:K<^SO©ft^i|iSi&ji^bfci:C: 

[0 0 7 4] z.(Dmm^mK). ^(Dmm^sEu-vmm 

bfctd^. ^M^iJi t|5H^(c< 0ilc^-rJ;-5f«c, -tJ- 
7 7 < rats 1 ±{C^B^«r*-r ^ G a N« 2 ' 0 , 
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4 d»itlS3nTVi*1fliitC;io TViS ;i t*t5|eT# 
It. 

[0 0 7 5j 

4 T# 6 tlfc G a N X t; ;U3£« S H V P 

EjtPrtJCAtl. GaN«4J::{:i. $e.{CGaN»*3 0 
OiimmrnVtzo ^&izm^rzmn\t. NH, tGaC 

1 tbfc. Bfci^frtt, ««iafii 0 5 o-ct 

L, fitSjSaf « 8 0 M m/ h t 
[0 0 7 6] MIOSIS*, mbTK^SfiJimoii^?^*^' 

[0 0 7 7] »Sn?tGaN¥«S«a«®H0 4, jflSiS 

1X10' ffl/cm^ <i:#^#fC^j>/j:<. j^SttWllS 20 
[0 0 7 8] SIM^JS 

*IIJfi0J©xe»fiiiiSSS3{cj3%-r. ttS2-f>5^©* 
ilSS-tJ-:7r-f 7Cffla«lJ:tC. MOCVDteT, TM 
GtNHa ^mntVX. T> H — y®GaN®2^3 
0 0 nmfiRfiL;t«ffi*ffljtL*: (0 3 (a) ) . CI® 
GaNXtr5'^r>-\';PS«J::{C, g^^'^JK 3 * 2 0 nm 
(0 3 (b) ) . Z.n^HVPEfpfH\ZXnX. 
8 0% + NH3 2 O^roS'&MSiEtfT. 1 0 5 0*0 
X4 5m i nOS^«!iaSr*ebfc (0 3 (c) ) . gi^fig 30 

i^*prt-e, f^tS'^Ms jiicNHa tGaClSia^s^ 

tL. S i Ha C 1 2 * K— /t> hibT. 1 0 5 0"C 
-CS i h*-7'GaNS4<£3 3 0 MmfiXftbfe (0 3 
(d) ) , 

[0 0 7 9] ^S®*|t>ofcS1S(c:6 0 OX:*^?, 2 0 0 
'C*T2 0*C/m i n Oj$fl[-C?^^-r^<hVi-5f»iaf^^ 
«IOjIbJ)PAfci;i5, •9-:7T<7<J:GaNi(Df^lIg?g 

n. $ 3 3 0 MmOG aN)i4*^ •y-7 7'f T*«l 

ti^^mrnvrz (hs (e) ) « 40 

[0 0 8 0] f!lfKlbfcGaNjl4W«®«. HtOj^^^b 

cinicsini^&jgbT, •5^^'>ffl[3 (Sftsn 

iCTJSti^C, GaNCDa5ia«Sr»^c:i:*iT$/2: (0 3 
(f) ) . 

[0 0 8 11 ±9itmm<Dijmxmmm^x^m^fzm 

G aNm2' (D^mmt. 6 0 ~ 7 0 % tTjCoT 
tifc. ^CD«®CDX«g[llt(fjS!l5£4:ffofci:C:5. 
S{t5=-^>(1 1 l)011»Ttf-^;{»^aig^^t^, GaNg 50 



tt. B&¥«T, mfk(DWh^Atii&^^x\>^^^f-tmm 

[0 0 8 2] IIM^7*||)!f6^J®IS»r®0«r0 4JCjR 

■r. i»S2'f >5^o#ilsaiJ-7r'f7CiSS«i±tc. 
MOCVD}*T> TMGiiNHs Sr^^S^tbT, T>H 
-roGaN®2S3 0 Onm«Sbfc»«SffljRbfc 

(04 (a) ) . :^OGaNXtfi5'^'>v;i/a«±tC, 
^5'>m3S:2 5nm^«b (04 (b) ) , ZLtl^m 
^f^lHlzXnx. H2 tNHa *^4i-Kil^bfc5?fflM 
:^fX©^«SEffT, 1 0 5 OX:x 2 0m i TKDmH&m^m 
Vtzm. l?ffl^:»7.SrN2 tC^;^T, MtCl 0 5 CCX 
3 Cm i n©^*!iaSrl66bfe (04 (c) ) . 

[0 0 8 3]:;*:tC, F I ELOS*fflV»TG aN)14© 
fiKSSr?fofc. a«±tCl^CVD«fetCJ;t)S iO 

D. S i K{C<1 1 - 2 OtJPfTlCX h^-f3^t<i 
©SgSrMtt. S5fl:5^3'>JK3*Smsii-. VXi'S*?^ 

^lyfz (04 (d) ) . ^(OmtS tim. -^X-^ scorn 

MGtNHj '^mmtLX. a«m*Srl 0 5 O-CTG 
aNe4«:4MmfiRSbfc (04 (e) ) . GaNtt. 

«b*sgS5©^{tg^3'>±ic7T-tr>> h^J^^i£b7i*te, 

OGaNS4i:;a:ofc. ^^.tDfeG a N^i!SfliXfcr^'+ 
->v;P»«®«®S:M^^W;>3l@?»^Tlt«b, 
±fl:JCt)feoTe>> hO^S^jBSjeb^tc:^, 2X1 
0' mXcB' i:##{Ci>-^<. ilgftttroiSViGaN^iig 

sxfcr5'=^^->^;pa«*t»^tiTVi5 c t^fll^bfc. 
[0 0 8 4] mmms 

*iiM0ycDis»fM0*0 5 fc^r. s Tiiis^sj 4tm 

«JCbT0 5 (a) *T®XSSffV5> GaNXtf^'^r 
i^r^uaiS^ltfc. :;*:iiT-^©±t-. f^CVDfe{cJ:0 
S i Oj M^O. SxtmlftWb, 7* h'jyy^:?^! 
m\ZJiK>. SiOz JRtC<l 1-2 0>t^fflCXh7 
•rrt^OlgSWtt. GaNB4S8ffl$t!-. VXi7 5<£ 
J^fiKbjt (05 (b) ) o ®(7)i|iili3 Atm, •^Xi'SO 
tHS7AimT^-5, C:®«ffiS:HVPEJ;p|*3tCAn, G 
aC 1 iNH, S:M^S|-<!:bT, GaNlie^SOO/iin 

fiScSbyt (0 5 (c) ) . ^Kft^frtt. ^jE, mwMm 

1 0 5 0*CT-, figfi®S«8 0 wm/hX-fc^o GaN 
li. «i;s?)Jgg|5cDGaN±lc:7T-f;/ hi&J^fiXb>^C*t?> 
S*?M{Cfi)?«b, 5©?»g|5*^JlS^i:VX^' 5± 

'&^':>G a^m 6 ttl-oTz (05 (c) ) » 
[0 0 8 5] f»^n/iS«<^. ^ftJJc^SEiSBSfCDS^ 

tcsjsbfein^. mt^tifz^^'yms-fym^m 

tc:x-;/5=->y$n. GaN@4 43J;U!6 7i«. i!infe:0i7 
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5 (d) ) . 

[0 0 8 6] »&nfcGaN#«!fS««0«ffi$M^M 

.KSriB!l3gb;5:tC5, 6X1 0° ffl/cm' t.t^mz<i^fS. 

[0 0 8 7] it^mi 10 

mmmi^ me (a) ) , ^©±lcBS<l:|»jt®>£:«e){C^ 
mQ^mm 10-20 nmT^«bfc. 

[0 0 8 8] C©»«SMBE*P (iH^iRlgi&fiJtS^F) 
rtJcXn, 7 0 0'CT-S1g-htCGaNB4 {|»W2Ai 
m) m& (b) ) . 

[0 0 8 9] MBE^i)^i^wiomvrc&m^y'y{t7i<.m 

i'^n. GaNB4>5ii-y-7T<T»«*^e.Sij7!imfco L 20 
*^b;^*te,. i:ili®#SIM«s|ilt*4LTS««5ii|BI©fc 
J>6 tC ± D < W S L fc, 

[0 0 9 0] #&nfcGaNxfc:a':^^i^-\';i/®tt. 
jcs 0 di;*:^ < , ^ mm vfttmmiza-jvmz 

[0 0 9 1] :^]immt±mhitmmm<of^mizoyim 

36^?.. mmt^mm^WLif^z.ii\zj:o. 
^mzr^^btthiz^o tmm\zm.m-^n^ e. 

Tt)^\Ztji-oftc fSi^. £l±TitWbfc**6«'Jl~8{C*Vi 30 
T, GAN)l4 0fi)taS^<D+^iJT:y::^tbT^>J9A 

[0 0 9 2] mmm 9 

2ti:im^a|*0i 2SfflViTittB^-rs. ittS2'f >5^ro¥ 
^s-y-^T-rrcMa^iiic, movpe^t, tm 

ChNHa ^mntl'T, T>H-yOGaN)12^5 
0 0 nmfiKfibfcSlgSffligLfc (012(a)) . 'A 
\Z, C<DGaNXlf^'^r->v;l'»«±tC. 5^^'>|g3* 
2 0 nmrnmi'tzm 1 2 (b)), CCDT i 
«<:DX«Slilf/faySiSI|i&gl8 i'^T. G aNXtf^'=l^-> 40 
^Jl^^W.±X\ T I :*no 0 0 l]:^|p](cBHl^bTl.i-&« 

X7S;2 5%ig^U;tH2 MtfiffT, lG70t:x3 0 

mi n^mmm^mLtzo mmm^mLrzm^(Dxmm 

mMlS.iff -otztz^. E9 (c^-rj;^>ic, T i NOlHl 
»ftf-i7 36<«!g$n, ■5^5'>M3«[l 1 1]:^|$I{CSE|PI 

LfcT i i^mz^t>^T^^^z.iitmm-^nrz. 
[0 0 9 3] ^tz, ^(DmmRumm^sEMxmmL 
fztz^. -en-etiEii oid^zj^^i iLmi^ommz 
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y— oa/jN:i&;?\:7iti^— (cMl^X;feO. T^OGa . 
N)12 {C«ai^~5 0 0 nmCD^^diT'^T, g|-p;/iH 
^IJ^«Z»GaNa2 0]l^T, 5^:J'>Kt3 3!>i3^Ae,nTV» 
«J:3;^»f®«ifiTr*-5(0 12(c)). BfSSEM^^ 

SrHVPEjtPicAtl. GaNB4*3 0 0 Atmitiab;/^ 
(012 (d)). J^StCffiVifcMilsFJiNHa iGaClT 
a&S, Sit, «if&^X«1'©GaC 14)-£E, NH3 
\t, ^n-en. 8X10-' atm, 8X10"^ atmT* 
•5. fSSfi^ffiTftti, *SfiSS«l 0 4 O-Ctbit, 
U 7:«f:^ t LTHN2 N2 S;^vUT;!? 

7.i bTfflV>SOtt«|*|tO<«fi*flgilbTT«!®G aN 
S 2 o^8ft*taisi)ii S tiT ® & BiS C;^ ie>T* S , 
N2 CDffifc^), Ar, He;ic<i:CD?FS'tt;j5fxSffl^^SC: 

i'UT:;^7.<i:bTN2 , Ar. HeU^<D^1S^iJX^ 
fflVi. «B<&S'5SaPCD*;^tL.T^JA«G aNB<&2 

0 Mmsai^3tSb, ^Aiz^rVTifjx^Hz izm<om 

A> ll^«l!*GaNB*liJc:gLTflIBlGaNJi4S#« 

citfe-c^s. Ha ^^VT:»:^x<o^&iz:i3\-f^mf^ 

;<fX'f®GaC l^JE, NH3 ^i-JE*^tl^n. 1X1 

0'^ atm. 2.5X10-' atmtbXl ^)VthX 

3 0 0 MmOff$tCfi)cSUfcGaNS4«®tt. "T'^ 

#^S«>Wi*J-^«M^:7* a>'co3S:#7>i^e.nfc. G a 

^r-i'TCSaSld^^e^St;:!!!!!*!^. GaN^eic* 

mmthnrz mi 2(e)) . 

[0 0 9 4] »e>nfcGaNBS:S«©Mtt. #^«tc 

Tmm±\z(6.M^w^'y y Tm^^vx^Av^mw<D 
tu-Dx^^^^zLt^iKkmvrz, z(D&m.<Dxmmmmi& 

^n-ofthZL!^. GaN(0 0 0 2)M, *J;C^(10-1 
0)®CO|ililf©FWHMtt. S«®rt©^Cl$«!l3^bT 

h^tl^n. *q 1 2 Oarcsec, 15 0sec. <t, ^ifT 

i^—umm^^mvx\^^^z.ttmmx^rz. ^rz. m 

e,tl>tG aN^«gftS«©S0S:a!l^Ufci^;5, StS 
CDS0Oft^*S«i^4m<h. l^#lcspa;&S«*<T# 

±{CGaNS:3 0 O/zmfiKS-rSi:. -^-oaffiOSD© 
ft^#g««<l5 OcBi;iSOT. 2|s:S{Cct 0#e,n«)G 

^fc. #e.nitG aNB]4:^i^fta«4(Dtefess 
sr, mmu^m (250-0 \zm.n^mLrzm 

?.tlfcx<y5^hr'y NTSfKLfc**. 1 X 1 0' cm 

iz$m\z{i^ti\,^:itt)m^MLrz. ^tz. m^w:^® 
^m.X'^m(D\^y h(D^m^m^i.tziiz^. ^ofiit> 
8X10' ji/cm^ 0mi,z:}>rj.<. Mait«iisi/iG 
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[0 0 9 5] ^mm 1 0 

5^©^«il1i-7r'fTCiiia«l±tc. MOVPEj* 
T, TMGtNHs ^WMtVX. GaNB2$:lMm 
J5KfiL;feS««:ffligb;t (01 2(a). JKDGaNWl 
^SP tBi3?&2 OnmlRJBPKHl 2(b)). 

n^sm^^fcAnx, ^m.^-Q. 8 5 0*0. 2o^mo 

□ >-t}--r7r©?tJ5«?^fi)tSn*:(0 1 2 (c)). 

[0 0 9 6] ;iCDi^®S:HVPE*PtCAn, GaN«4 
* 3 0 0 umimX^tLm 1 2 (d)), ^S(Cffll^fcMi|sf 
«NH, iGaClTfeS. Si/t. ©G a C 

1 ^J-m. NH, 4}-EEtt. -^-tl-etl, 8 X 1 0- ' atm. 

8X10"=' atmTfeS. figfi«ltffi-r?f V^. 

ttl 0 4 ortLfco ^^^'JT:^/XtbT«Ar*ffili 

GaNJlSrS 0 Mm@aij£«b, ^i^CtrHj ^-^tJ^^A' U 
T;yxtC«JO»x.. g|^iK#mS«ff$^-eGaN«$: 

•5. *||Jfi0lJ-t«2 5 0i[imJ?CDGaNJ14*fiJfiL 
fc. G a NB 4 «fi!cfii^T»<DRia5lg t*ViT^R^« 
*«E»C-y-7T-fTCM««l*^e^^{CfiJillb, GaN 
tDS5iS«5&^»6>nfc (012(e)) , 
[0 0 9 7] »^nfcGaNg3i««OSB«, 

7»«-h{C«S^S/\- r M Sr^h LTfiK:^ 

G aNHtittSbX. l^^;5^-e-n£i±«^»;^j:«Btli^ 

*fT-:>fc<i:^:5. GaN(0 0 0 2)®. *5j:tK(10-l 
0)®©laltffC9FWHM(4. a«Bl*3©i:eiSrjaa^bT 
fe-€-n-?-*tl, 1 0 Oarcsec, ISOsec. AifT 

e>nfcGaN*i|igSa«©Sl3<£, iffl3£L;t<i:i5. S 
«©K0©ft^ii^g«)ii^5mi:. #^^tCipfi7tca«;0i-C 

«±lCGaN€;3 0 OMmfigfi-r^i. ^®»«©S0 
Oft^i|iStiie*J5 Ocmi;^tSOT. 2|s:S{CJ:0#e)n«) 

-5= *fc. »^nfcGaNiit*i^SaiS©!)gtt?ES 

^. isftfiiK. mmm^w. (2 s 0*0 \zwM^m\^ftm 

*#6nfcX-/^fcr 5 X 1 0* ca 
5X10' Wcm' ^mz'pf^<. i^SttCDitiV^^G 
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[0 0 9 81 HM^Jl 1 
2|s:%MC*^*^^— ||Jg*^<£, 01 3S:fflV»TlttM-rs. 

[0 0 9 9] tta2<>5^©^*SS-y-:7 7'1'TCEag 
1±IJ:. MOVPE^T, TMGtNHs S/SJSftL 
T. GaN®2S:3 0 0nmfi!cfib>S:3S«*ffljSbfc 

(013(a)) . 

[0 1 0 0] Ji©S;KJ:{::, SacVDi^JCwtOS i O2 
MSG. S^mlftaL, 7* h>JVi^^:7^Xfil::«t 
0, SiOj liitC<l 1-2 0>i:Wt-Xh7-r:/« 
10 ©aSSHtt. Ga N«2<£fimSli:> TXi' 5 <£Jgfi£L/ 
it (01 3(b)) . ^®1itt3Mm, S i O2 "TJ^i^S 
<^)i|B«7tfmT*«. 

[0 10 1] Cl©GaNXtf5'^->^Jl/SK±{C, 5^^' 
>]K3S:2 5nm^«b(01 3(c)), ^inSHVPE 

1 0 5 o'CT2 o^i-wi^iaa^Jfib;^ 

$e.lc:|?:HM:^f7>^£H2 tcilx.T, Sl-l 0 5 013 
T3 o^J-Mwf^jaa^jgb;^:. ::cDie«, GaN«2{c: 
tti««*®^ISfe*tf!^ b (0 1 3 (d) ) . 5^i5' »e 3 tt^ 

20 ^tstiTT i Nfc^Ytb. mm\z\t.-^ys.^uy<Dmm 

Nil 4 ^£ 3 0 OMm^Wbfc. fiRStC^ V^fcM^HiNH 
3 tGaCl-e, ^•v»JT:<f;^<i:bTHeSrfflVife. #t 
OGaC 1 ^ffi. NH3 ^BE«, ^tl^n, 8 
XI 0-' atm. 8X10-^ atmTS^„ ^ig«tt#JET 
frVi, ^Sia*«l 0 5 Oribfc. G aN«. Hb«6 

«ai5jcs#?Mtcfi5cfib. ■^:^i^<Di^^iim^^t^y^{7 

®Sj$^GaNB4t;S:ofc(01 3(e)). =^-vU7;«f 
30 XtbTtt. He©fl6t', ^A r ;fti:©:fSttjtfX 

e. Nj . Arfj:i'©^ffi'tt;^f7.$:=^-v'J7;9XtbT 

mtimm^ti. «®^7*Dv*seic#$n^. GaN» 

4«fiXfti^T^©I^M3iaS(C*3ViT7}^-< h'SiSrJ^fc-y-:? 
T>rT»«3&^e.g«8JcfiJl!tb;t(0i 3 (0). fSSilb^c 
G a N« 4 OS®©[HIia$|^£r-5:^c:Je>lCPe^]5g L 
40 T. 5^^'>IK3 (^^^:^nT^i^fecD^^t^) , S iO 
2 ^Xi'S^tyGaNS4W— gPSr^Sbfcill^, S 
®, SHifeJcspffl^j:, GaN«SSiS«&#SCi:*« 
TS/i(0 1 3 (g)). 
[0 10 2] f#?.n/tGaNg]ii»«CD«®tt, 

GaNWtit^bT. l^^*^-^nJWJi<^m»;^cSfflttffi. 

S'tfofctH^. GaN(0 0 0 2)®. *5it;t(10-l 
50 OBOH^OFWHMtt. a«®|*3(0<i:Cli&S!l)ebT 
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*«J6 Oarcsec, 8 0sec. ^iifCl^— 
fCGaNS:3 0 0 MmfiRfif Siv -^-roS^CDSOOft 

mtm-^m (25010 izuu^mLftrnM^i^ 

nitJ^y^lfy hT«JSL/S:*t. 2 x 1 0' cb"" 

[0103] IgM^J 1 2 
Ga N*i^ffiaig7±tC, 5^^>IK3 i&2 0 nm^|«L. 
;t (01 4(a). (W), C®S«Sr«M^^l^tCAnT, 7 
>^=.TS:2 5%Jl-&bfcH2 ^aEsfT?. 1 1 0 CCT 
3 0 4i-W®f^MS*]^Lfc. -f-O^SRyCffifM^SEM 

;5'-co|8l/jN;ia:?t75i^i^— lCMViT*5 0 . TflSOG a 
Nmi|ga««7 tCtta?* 5 0 0 nmSftO^RS*tT^ 

Mj^T, 5^^>M3/5t^ASnTU.5J:-5;5:»fa«jtT 
Jbofc(0 1 4 (c)). 
[0 104] c:n*HVPE*P»CAn, GaNe4*3 
0 0 Mm*«Lfc(Ell 4 (d))o fiRSfCfflV^fel^mN 
H3 tGaC 1 ^ft. m^:»7,fpOGaC 

BE, NHa ^J-ffitt. ^n^n. 8X10-" atm. 8 X 
10-= atmT*^. fiKfi«^JETffVi, figftiaaf«l 
0 4 0X:tLrzo ^Y'J7-:tfXtbT«N2 ^fflVifco 

bTT«60 G a NgO^R^dt^ftiXStlX U * -5 <3D *BIJ 

tC, «i;ai){C=^^^'J7:yxtbTN2 , Ar, Hem 

«G aN$r2 0 AtmSSfigSL. mz=^^' UT:fjX?:H 
2 ^l^iit#GaN$rfiX*bTff]KGaN« 
4S:»'2.Ctt>-Z?#-5. H2 ^^V7:»X'nO^&\Z:io 
if^§lif^U7.tp<DG a C 1 ^JE, NH, ^ffiSr-f-n-f 
n, 1x1 Q-^ atm, 2.5X10-' atmtLTh — 
^)VthX3 0 0 nm(Dm-^\ZfiSL^\^rzG a N)l4«ffi 

fc. fS.&mT'<k. i^m'mm&'tm\z^-DTT ins^ 

Xv5^>i'bfc<i:c:5. GaNB4 75^G aN*)^ftS« 
7*^e.iiJllL, «T75:;iG aNCD*iK«a«*tf#6nfc 
(gj 1 4 (e)) . 
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[0 10 5] »e)nfeGaN*i!gaaSo«SH. #s 

OG a NStJtlfebT, ra^j5»-?-n£t±O^0;a:^®tt 

Jlt;fe-pTV».5 d iS?S^L:/t. ;icDS«<DXil9lil»f«!l 
3£Sff-:jfctJ:5, GaN(0 0 0 2)®. iJit^dO- 
1 0)ffi©ll^<DFWHM«. SSBrtCDi'ClSraiJtU 
T'b-€-n-?n, iWS Oarcsec, 7 0sec. 

10 tl^GaN*iiSaafii©SO<£:jil5ebfei:e:5. SS® 

[0 10 6] ^fz. ?#e>n&GaN^iigas«otete?B 
K4> mmm-^m (250-0 izm.m'&mLft 

«S*#?.nfcX-/5"t;<> h-Ca^bfc*^, 7X10= cm 

20 »e.nTi/i^::i<£r?s^bfc. 

[0107] 1 3 

^mmm'Si^mm 9 ii^^n,. m 1 2 sr^vixtttM-r-s. 

itS2-f >^ro*i!gffiiJ-:7r-<7C®SSi Jitc, MO 

VPEftX, TMGiNHa ^MniiVX. T>h'-7' 
®G a NB 2 3 0 0 nmfiKSL;t»1S*ffljgbfc (0 
12(a)) . i^tC, C:©G aNxe^^v'VJl/SSi 
.Jw, ^^'>IK3*1 0nm5!g3ifbfc(Sl 2(b)). 
»«*«^*PF*3tCAnx. T>^:XT^2 5%}l^Lfc: 
H2 ^SiE*X, 1 0 7 0*CX 3 Om i nOfai^aa^&j^b 

«$n. ^^'>l«3«[i 1 i]:^i^tcEf{i|L;tT i NBI 
[0 10 8] -^-WSBRt^KfSSSEMXaiSlU 

fttc^, ^ti^nmi o*5j:tX0i 1 a:R«cD«it{c 

75:t>XV»;fc. Ep-fe, 5^:S'>IR3CD«B{c«, th:?'5^'D 
>:*•— {cm^iXiil?. TJ*®Ga 
Na2ICWgil$~3 0 0 nmCD^ISg*t-f^X, 5S^;fc= 
^E|JK®GaNi^S«II;i^X, 5^rS'>iK3/i^3^Ae.nxVi 
40 ^j;-5J^cCW®«jtX*^(0 1 2 (c))o KlfMSEM^K 

=&HVPEtP\ZXn, GaN^4^3 0 OMm^Wbfc 
(012 (d)). figfitCfflVi:felS!|S|-ttNH3 tGaClX 
$>^, ^fc. ttii^:<f7,4'K»G a C 1 5i-JE. NH3 ^S. 

-^-n-^-'n. 8X10-' aim, 8X10" atmXab 
-5. fiJcfittmffiXfi't,^, fiJtftMffittl 0 6 O'CtVft, 
^"rVTiJXtVT. N2 ICHa *2 ^Jg'&LfefccDS 

50 IC. S0S«l*J-r-5C:i*<T€S. 
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[0 10 9] Nj Ar, Heha<D:^tS^ 

l*ve.g^«tC*!lBiL, GaN(7)eica«35i»€.n;t (0 
12(e)) . t#6.nfeGaNiS:S«OSStt, 

[0 11 01 01 2|c||Jg<«-t?»e)n;tGaNSS: 

■y-^r-rzsteid^siagjtbfeffliciJViTtt. ^i'>m 
[0 111] mmmi a 

*5IJ6«3JtC*3ViT> GaNe4^fi^04^-^'UT;y7.<i: 
bX. {CH2 1 O^S^bfc'bOSfflVi&jaSI^ 
ViTll*6«»ll 3 tl^^CbTGaNaStS^SJ^^b 

H2 tNj UTtbrfflV^'-Svia: 
tCj;oT. lt5V»«seStti:a«iiJBt$M3ib, S 
«3S:WliiJT^vli*tT^S, CDftt>Dlc:, Ar, H 

N2 =^-^'JT:^fX(D*.TfiXdi:^fi'ofe«-&tClt«^b 

l&enfcGaNe5i««®^Btt, #SJCspJB-C. illK 

l^m&f^y 7 T)l*:n^bTfiSSb/teE?¥©G a NWtlt 

GaN(0 0 0 2)ffl, ^^mi 0-1 0)ffi©lHltff 
(DFWHMtS, a«®l*3(Dt*:i^jS!lJtbTt>-?-n^n, 
i^TOarcsec., QOarcsec. S»Ti^— ^ti^SttS: 
*bTVi*Cli:*<?SKT#fc. #^nfcGaNe 

(2 5 CC) -ex-y5^>d^b, 
S®i::j^^sn*X';/^t;>y h£th»b;ttci5. 
mmi4xi 0' cm-' <i:#^tc/>;ic<. ffiteteCDGa 

[0112] 0 1 6 ic. ^mmm-vmtitzG a N gi: 
nt^iKbT*30. it7T-rTa«i*^6fijiitbfe®jfi^ 

tt. +^ U 7:tf;?.f®7K^Jg^SSS|]!(g^ 1 3 J; 0 fcli 
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a N« jgffl b fe^J {c^ v^TSiil bfc^^t. 

fcD 37cSaw*iiSai3tS«®S!ijfi^, M g ;a:<i:* K 

-T^bfc pmg aN&m<omm\zmm-r^ z. t 

Sfe, ±ia^M^JX«^Sl«i:bT^^'>M*fflVi 
l!l*®«Sia-Td^SGaNB*figSb. ^|i|Bffia*J;0 

(gia$-e-«.:frffiSSfflTs d i %)X^ 
[0 1 1 41 ^fc, -TXi^^fflVifcSS^^stcHb. H 

[0 115] Sfcv GaN«4fiK:^^CD^^UT;!5fXi: 
bT, t^?gtt^fXtOjB^:WX*fflViS^$|JiW 
20 bfc/Ot. tJCa6(C+-vUT^fXtbTTett;tfX(Di5».. 
^fctt^jtSOHi *^tr}g^;j!/XfflViTTJte©GaN 
Ji2 0S®S:®'5S«©J?$i:b. ^CD^^>!ir CS^^f 
XtfWHj (D-&^a?feit^bTGaN)i4*fiJtfiS-B:T 

[0 116] *5!gBtCj;0#e.n^III]^Mttl¥»# 
GaN«x/N*'1'Xffl<^a«i:bTi2:<fflti-5C 

lil>i:. ^l^^«coffi;V;>AK7'cCGaN5Si^^*<#?.ns 

30 «r:t;&<T#SJ;'5tc:/iS. 
[0 1171 

mm(o^m u±mmvrzJ:o\z:^mm\z^rn-£. s 
Sft«ji|£»«^es?^«SbTViSfc8&. e4To8!i«d«»& 

[0 118] ^-fC. :XP(S?eS*^<S<, i^SiSiRO^Jf 
[0 119] m=.iz, »€>n'S.i|i««:««OK0*SS 

[0 12 0] ^HtC. »S®|i^*;^>t^BlcffA^/iJe). 
±amx, i^y-yC'^mcotH^K ?^COSofcGaNm^ 

50 ^(oum^im^^»mt(Dmiz^fsi^mr^mf>^^ 
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( 15 ) 



10 

[06] ^^#£«^oSll]t:^&$^-rxS»rS0T& 

[07] :^^m\z^^¥^mi^m^<Dm^<Dmmi^m^M 

[08] SIM^J(C:^(t'&Xitg[p)^ii«l^ii3«$:^-r0T& 

[0 9] SI]!i6«ailc*stt5Xi»|5|»T»l5^«S*<£^-r0-e* 
-S, 20 

[010] mmwzisn^ s EMaigi^*s:s^-r0®ft 
[011] m^miz^i^^ s EMa3Ki^*«r^-r0iBf^ 
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[012] *5£?at-«Si|^3M!s««cD«je:^j**^-rx 
[01 31 2|s:ISWlc:'0R^^S«:S6fficDSje:^te*g^-rx 
[014] *f£l«t'»-5i|^»<lsS«©S4jt*j**a^-rx 
[015] JlsfgMOSIifi^SJ 1 3 T?» S nfc G a N ast* 
[016] *%l9<^#l]!ig^J 1 4-C#^tlfcGaNa3tS 

[017] m^<Duii^itm^m^m0m<o^r u 7 

-f (XRD) <75i|iMiti*5J:t/fS5ia«OSO®fl^i|^S 

t oBiiR *5^-r 7 7 T & . 

[^#©lttM] 

1 -y-^T-rzcts ( (0 0 0 1) M) s« 

2 G a N S 
2'^BgSW-r-2)GaNli 

3 ^^ym (^pp t ug) 

4 GaNP 

5 VX^' 

6 GaNH 
9 ^fil 
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